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PROCESS

(57) The sound attenuation submarine device (1)
comprises a mat (10) configured to be placed on the
seabed (S) around a pile (5) to be driven down vertically
in the seabed (S), the mat (10) comprising one or more
mattresses (15), each mattress (15) comprising a plur-
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ality of superposed inflatable layers (19, 23) including
one or more gas layers (19) configured to be inflated with
a filling gas (21) and one or more ballast layers (23)
configured to be inflated with a ballast material (25)
having a density greater than water’s density.

5
/
A
—
10

FIG.1

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 528 034 A1 2

Description

[0001] The present invention relates to a sound at-
tenuation submarine device.

[0002] Considering the current environmental crisis,
the use of renewable energies instead of fossil fuels is
nowadays in full expansion.

[0003] To this end, alarge number of wind turbines are
installed, both onshore and offshore.

[0004] Offshore wind turbines make better use of wind
energy to produce electricity using a turbine and an
electrical generator.

[0005] Offshore wind turbines are for example an-
chored to the seabed using one or more piles driven
down vertically in the seabed. Each pile is for example
initially placed on the seabed and then hammered down
in the seabed, deeply enough to give sufficient stability to
the wind turbine.

[0006] This operation creates strong vibrations that
propagate through the water and the seabed, gradually
attenuating over hundreds of metres and/or kilometres.
These vibrations, such as sound waves, disturb certain
species of marine fauna, which are sensitive to some
ranges of sound frequencies.

[0007] In order to protect the marine environment, it is
therefore necessary to reduce the intensity and/or pro-
pagation of the sound generated during the installation of
wind turbines.

[0008] Tothisend,itis possible to create curtains of air
bubbles rising from the seabed towards the surface to act
as a barrier to the propagation of sound in the water.
These air curtains are created by one or more specific
devices arranged all around the pile or piles of the wind
turbine. This solution reduces a large proportion of the
vibrations, particularly high-frequency vibrations, which
propagate rapidly in the water.

[0009] However, it does not reduce the propagation of
low-frequency vibrations, which can propagate in the
seabed with bypassing the air curtain and then propagate
into water.

[0010] One aim of the invention is therefore to propose
a submarine device efficiently preventing sound propa-
gation during the installation of piles on the seabed.
[0011] To this aim, the invention proposes a sound
attenuation submarine device comprising a mat config-
ured to be placed on the seabed around a pile to be driven
down vertically in the seabed, the mat comprising one or
more mattresses, each mattress comprising a plurality of
superposed inflatable layers including one or more gas
layers configured to be inflated with a filling gas and one
or more ballast layers configured to be inflated with a
ballast material having a density greater than water’s
density.

[0012] The gas layers inflated with a filling gas limit
sound propagation via the seabed.

[0013] Moreover, ballast layers configured to be in-
flated with a ballast material having a density greater
than water’s density, equilibrate and maintain the mat-
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tresses laid onto the seabed and further decrease sound
propagation from the pile towards the seabed and/or from
the seabed to the water.

[0014] The submarine device according to the inven-
tion may have one or more of the following features, taken
independently or in any technically acceptable combina-
tion thereof:

- each mattress comprises or consists of one ballast
layer interposed between two gas layers or one gas
layer interposed between two ballast layers;

- each mattress comprises at least two gas layers;

- each mattress comprises at least two gas layers of
different thicknesses;

- each ballast layer is formed of a plurality of tubes
which are preferably parallel;

- the tubes extend between an inlet manifold for in-
jecting ballast material in the tubes and an outlet
manifold for retrieving ballast material from the
tubes;

- each gas layer comprises an envelope comprising
two opposed walls connected by a plurality of con-
nectors distributed on the surface of the two walls for
delimiting a spacing between the two opposed walls;

- the submarine device is configurable at least in an
undeployed configuration wherein each mattress is
rolled, an intermediate position wherein each mat-
tress is unrolled, the mattresses extending radially
while being inclined relative to the seabed, and a
deployed configuration wherein each mattressis laid
on the seabed, the mattresses being angularly dis-
tributed to form the mat extending around the pile;

- the submarine device comprises an annular support
intended to be fitted around the pile, the annular
support comprising winding rollers angularly distrib-
uted on the annular support, each mattress being
deflated and rolled onto a respective winding rollerin
the undeployed configuration;

- the submarine device comprises one or more de-
ployment ring, each deployment ring being attached
to each mattress, each deployment ring being pre-
ferably inflatable;

- the submarine device comprises two deployment
rings, one being attached to alower attachment point
of each mattress and the other being attached to an
upper attachment point of each mattress, the lower
attachment point of each mattress being located
lower than the upper attachment point of said mat-
tress in the intermediate configuration;

- the submarine device comprises a central annular
carpet configured to be laid on the seabed around the
pile and to cover an annular gap between the mat
and the pile.

[0015] According to another aspect, the invention also
concerns a sound attenuation process for the attenuation
of sound during pushing down a pile vertically in the
seabed, the sound attenuation process comprising lay-
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ing a mat on the seabed around the pile, the mat com-
prising one or more mattress each comprising a plurality
of superposed inflatable layers including one or more gas
layers and one or more ballast layers, the sound attenua-
tion process comprising laying the mattresses to form the
mat around the pile and inflating each gas layer of each
mattress with a filling gas and inflating each ballast layer
of each mattress with a ballast material having a density
greater than water’s density.

[0016] The sound attenuation process may have one
or more of the following features, taken independently or
in any technically acceptable combination thereof:

- each mattress is initially rolled onto a respective
winding roller, each mattress is unrolled form the
winding roller while extending radially and being
inclined relative to the seabed and then laid on the
seabed to form the mat comprising the mattresses
distributed around the pile;

- the injection of ballast material in each mattress is
operated when the mattress is inclined relative to the
seabed such that the ballast material fills a lower part
of the mattress and gradually rises into the mattress
such as to gradually lay the mattress on the seabed.

[0017] Further features and advantages of the inven-
tion will be apparent from the description given below, by
way of indication and by no means limitative, with refer-
ence to the appended figures, among which:

- Figure 1 is a top-view of a submarine device in a
deployed configuration,

- Figure 2 is a side-view of the submarine device of
Figure 1 in the deployed configuration,

- Figure 3is a cross-sectional view of a mattress of the
submarine device of Figure 1, taken in a vertical
plane,

- Figure 4 is a top-view of the submarine device of
Figure 1 in an undeployed configuration,

- Figure 5 is a side-view of the submarine device of
Figure 4 in the undeployed configuration,

- Figure 6 is a top-view of the submarine device of
Figure 1 in an intermediate configuration,

- Figure 7 is a side-view of the submarine device of
Figure 6 in the intermediate configuration,

- Figure 8 is a side-view of the submarine device of
Figure 6 in the intermediate configuration, zoomed
on the fixation means between the mattresses and
the annular support,

- Figure 9 is a perspective view of the submarine
device of Figure 6 in the intermediate configuration,

- Figure 10 is a side view of the submarine device of
Figure 1 in the intermediate configuration, zoomed
on the air/water injection means in the mattresses,

- Figure 11 is a side view of the submarine device of
Figure 1 in the intermediate configuration, zoomed
on the ballast material injection means in the mat-
tresses, and
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- Figure 12 is a top view of the submarine device of
Figure 1, zoomed on the winding rollers of the an-
nular support.

[0018] Figure 1 illustrates a submarine device 1 con-
figured to equip a pile 5 that is to be driven down into the
seabed S.

[0019] The pile 5 is for example a pile of an offshore
wind turbine.

[0020] Thesubmarine device 1is notlimited to use with
a pile for a wind turbine. In variants, the pile 5 may be a
pile for any infrastructure anchored to the seabed S, such
as an oil platform for example.

[0021] The pile 5 extends along a longitudinal central
axis A-A’. The longitudinal central axis A-A’ is substan-
tially vertical when the pile 5 is anchored to the seabed S.
[0022] In the following, the terms "vertical", "horizon-
tal", "lower" and "upper" refer to the position of the pile 5
anchored to the seabed S with the longitudinal central
axis A-A’ oriented vertically.

[0023] The pile 5 extends between a lower extremity
5A intended to be driven down in the seabed S, and an
upper extremity, not visible on the drawings, which
emerges above the free surface of water W or is below
the free surface of water W.

[0024] The pile 5 is a cylinder, for example with a
parallelepiped or circular base.

[0025] Insome examples, the pile 5 has a circular base
centered on the longitudinal central axis A-A'.

[0026] The pile 5 has a length for example comprised
between 30 m and 150 m.

[0027] The largest transverse dimension of the pile 5,
taken horizontally, is for example comprised between 1 m
and 15 m, preferably between 6 m and 14 m.

[0028] The pile 5 is for example made of steel.
[0029] The submarine device 1 comprises a mat 10
configured to be placed on the seabed S around the pile
5. The mat 10 is configured to extend circumferentially
around the pile 5 with surrounding the pile 5, preferably

completely.

[0030] The mat 10 comprises one or more mattresses
15.

[0031] In some examples, the mat 10 comprises a

plurality of mattresses 15 distributed around the pile 5
in order to cover a circular surface around the pile 5.
[0032] The submarine device 1 is configurable at least
in an undeployed configuration in which each mattress 15
is rolled, an intermediate position wherein each mattress
15 is unrolled, the mattresses 15 extending radially while
being inclined relative to the seabed S, and a deployed
configuration wherein each mattress 15 is laid on the
seabed S, the mattresses 15 being angularly distributed
around a mat central axis M-M’ to form the mat 10 ex-
tending around the pile 5.

[0033] The mat central axis M-M’ coincides substan-
tially with the longitudinal central axis A-A’ when the mat
10 is laid around the pile 5 which is pushed down in the
seabed S.
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[0034] Inthe following "radially", means "along a radial
direction R", the radial direction R being defined relatively
to the mat central axis M-M’, as illustrated on figure 1.
[0035] Each mattress 15 is for example in the shape of
an angular sector of a disc. In the deployed configuration,
the mattresses 15 form together the mat 10 with a disc
shape.

[0036] The mattresses 15 are preferably uniformly dis-
tributed around the mat central axis M-M’.

[0037] The mat 10 comprises for example twelve mat-
tresses 15. In other examples, the mat 10 comprises a
different number of mattresses 15, for example four, five,
six, seven, height, nine, ten, eleven or more than twelve
mattresses 15.

[0038] The mattresses 15 are preferably of identical
shape.
[0039] As illustrated on Figures 1 and 2, in the de-

ployed configuration of the submarine device 1, the
mat 10 covers a circular surface of the seabed S, said
circular surface having for example a diameter com-
prised between 30 m and 120 m, preferably between
80 m and 120 m.

[0040] In the deployed configuration, the mattresses
15 are positioned side by side on the seabed S, each
mattress 15 being laid next to a neighboring mattress 15
either with a small gap between the two mattresses 15, or
with a contact between the two mattresses 15, or even
with a partial overlap.

[0041] The mat 10 is configured to cover the circular
surface of the seabed S as much as possible to limit the
propagation of sound waves from the seabed S to the
water W.

[0042] The mattresses 15 have identical or similar
structure and the structure of one of the mattresses 15
will be described in reference to Figure 3.

[0043] Each mattress 15 has a thickness, taken verti-
cally when the mattresses 15 are laid on the seabed S,
comprised between 40 cm and 60 cm.

[0044] Each mattress 15 has a general quadrangular
shape, with an inner edge 15A and an outer edge 15B,
intended to form a section of respectively an inner edge
and an outer edge of the mat 10, and two side edges 15C
extending substantially radially in the deployed config-
uration of the mat 10 along corresponding side edges
15C of adjacent mattresses 15.

[0045] Inthe deployed configuration, each mattress 15
has a width, taken between the two side edges 15C,
therefore along a direction perpendicular to the radial
direction R bisecting the two side edges 15C, which
increases from the inner edge 15A to the outer edge 15B.
[0046] The length of the inner edge 15A is for example
comprises between 0,5 m and 6 m, preferably between 4
m and 6 m and the length of the outer edge 15B is for
example comprises between 5 m and 31, preferably
between 21 m and 31 m.

[0047] Each mattress 15 has a length, taken along the
radial direction R between the inner edge 15A and the
outer edge 15B, for example comprised between 32 m
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and 47 m.

[0048] Each mattress 15 is multilayer.

[0049] Each mattress 15 comprises a plurality of
superposed inflatable layers including one or more gas
layers 19 configured to be inflated with a filling gas 21 and
one or more ballast layers 23 configured to be inflated
with a ballast material 25 having a density greater than
water density.

[0050] The filling gas 21 contains for example one gas
or a mixture of gases.

[0051] The filling gas 21 comprises for example oxy-
gen, nitrogen, argon, neon, krypton, xenon, carbon di-
oxide, nitrogen protoxide, methane, hydrogen, helium or
a mixture of at least two of them.

[0052] Thefilling gas 21 is for example air, in particular
dry air, optionally enriched with one or a plurality of its
constituents, such as oxygen, nitrogen, argon, neon,
krypton, xenon, carbon dioxide, nitrogen protoxide,
methane, hydrogen, helium.

[0053] For example, each mattress 15 comprises or
consists of one ballast layer 23 interposed between two
gaslayers 19 orone gas layer 19 interposed between two
ballast layers 23.

[0054] Preferably, each mattress 15 comprises atleast
two gas layers 19.

[0055] In some examples, as illustrated on Figure 3,
each mattress 15 comprises two gas layers 19 and one
ballast layer 23 interposed between the two gas layers
19, the two gas layers 19 exhibiting thicknesses which
are equal or preferably different. In such examples, each
mattress 15 comprises three inflatable layers, vertically
superimposed one onto the other.

[0056] In other examples, the mattress 15 may have
more than two gas layers 19 or less than two gas layers
19, and more than two ballast layers 23 or less than two
ballast layers 23, each positioned relatively to the otherin
any way whatsoever.

[0057] Thegaslayers 19inflated withfilling gas 21 help
limiting sound propagation, which travels slowly in air.

[0058] Ballast layers 23 weigh down the mattresses
15.
[0059] The combination of one or more gas layers 19

with one or more ballast layers 23 with different densities
helps trapping vibrations and limiting the transmission of
vibrations from the seabed S to the water W.

[0060] The provision of gas layers 19 with different
thicknesses and/or ballast layers 23 with different thick-
nesses helps trapping vibrations and limiting the trans-
mission of vibrations from the seabed S to the water W.
[0061] The ballast material 25 is for example chosen
among muds and/or clays, such as drilling mud, bento-
nite, or a suitable mud to increase high-frequency vibra-
tions absorption as well in the ballast layers 23.

[0062] In some examples, the ballast material 25 is
ballast into which some macro-beads of rubber are
added.

[0063] Each gas layer 19 comprises an envelope 27
comprising two opposed walls 27A, 27B connected by a
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plurality of connectors 28 distributed on the surface of the
two walls 27A, 27B for delimiting a spacing between the
two opposed walls 27A, 27B. The envelope 27 has for
example a so-called drop stitch structure.

[0064] The space between the two opposed walls 27A,
27B is to be filled with filling gas 21.

[0065] The envelope 27 is for example made of rela-
tively rigid fabrics. The envelope 27 is for example made
from one or several synthetic polymers, for example one
or several among polyvinylchloride, polychloroprene,
polyurethane, polyethylene, polypropylene, copolymers
of ethylene and propylene monomers, oligomers or poly-
mers such as chlorosulfonated polyethylene such as
Hypalon®.,

[0066] The connectors 28 extend between the two
opposed walls 27A, 27B. They provide rigidity to the
gas layer 19 when the gas layer 19 is inflated and limit
the flexibility of the gas layer 19 when the gas layer 19 is
inflated.

[0067] The opposed walls 27A, 27B are each mono-
layer, bilayer or multilayer. Providing opposed walls 27A,
27B with two or more layers increases the rigidity of the
envelope.

[0068] In some examples, gas layers 19 of each mat-
tress 15 have different thicknesses. One gas layer 19 of
each mattress 15 has athickness strictly greaterthan one
or more other gas layer 19 of said mattress 15.

[0069] Gas layers 19 with different thicknesses help
trapping vibrations and limiting the transmission of vibra-
tion from the seabed S to the water W.

[0070] In some examples, as illustrated on Figure 3,
one gas layer 19 has a thickness comprised between 5
cmand 15 cm, and the other gas layer 19 has a thickness
strictly greater than that of the lower gas layer 19, for
example comprised between 15 cm and 25 cm.

[0071] In particular, one gas layer 19 has a thickness
around 10 cm, and the other gas layer 19 has a thickness
around 20 cm.

[0072] Insome examples, the gas layer 19 with alower
thickness is the lower gas layer 19 and the gas layer 19
with the greater thickness is the upper gas layer 19. In a
variant, the configuration is opposite.

[0073] In a more general way, each gas layer 19 may
have a suitable thickness for optimizing sound attenua-
tion effect.

[0074] In a more specific way, maximization of sound
attenuation effect can be achieved when two separate
gas layers have a different thickness.

[0075] In this respect, thickness ratio between two
different gas layers 19 separated by a ballast layer 23

is preferably close to (1 +\/§ )/2 . Hence, thickness
ratio from 1,3 to 1,9 is suitable albeit not preferred, while
thickness ratio from 1,5 to 1,7 is more desirable.

[0076] Each ballast layer 23 comprises for example a
plurality of tubes 30, which are attached together.
[0077] The tubes 30 are preferably parallel.

[0078] Each tube 30 is a cylinder with circular base,
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having a diameter for example comprised between 10 cm
and 20 cm.

[0079] Each ballast layer 23 comprises then a suitable
number of tubes 30 aligned side to side along the entire
width of the mattress 15.

[0080] For example, the ballast layer 23 comprises
between 100 and 300 tubes 30.

[0081] The tubes 30 are for example made of a rubber
material such as polychloroprene, polyurethane, polyi-
soprene, silicone elastomer, ethylene propylene diene
monomer rubber (EPDM), copolymers of ethylene or
polyethylene such as chlorosulfonated polyethylene
(such as Hypalon®), Hypalon covered with polychloro-
prene, for example optionally fiber reinforced polychlor-
oprene (such as Neoprene™) wherein, when present,
fiber reinforcement is woven or non-woven fabric, said
fiber being natural or synthetic organic or inorganic fiber,
such as glass fiber (synthetic inorganic fiber), ultra-high
molecular weight polyethylene fiber (synthetic organic
fiber, such as Dyneema®), flax or cellulose fiber (natural
organic fiber), blue or white asbestos, sepiolite or wol-
lastonite (natural inorganic fiber).

[0082] Preferred fiber reinforcement material is poly-
propylene fiber or fabric, or ultra-high molecular weight
polyethylene fiber such as Dyneema®.

[0083] Thetubes 30 are for example attached together
using a fastening device 32 which comprises or consists
of for example an adhesive and/or mechanical fasteners.
[0084] Similarly, the tubes 30 of each ballast layer 23
are attached to each adjacent gas layers 19 using a
fastening device which comprises or consists of for ex-
ample an adhesive and/or mechanical fasteners.
[0085] The undeployed configuration of the submarine
device 1 will now be described, with reference to Figures
4 and 5.

[0086] The submarine device 1 comprises an annular
support 35 configured to be fitted around the pile 5, i.e. to
be slided vertically along the pile 5.

[0087] When the annular support 35 is fitted onto the
pile 5, the annular support 35 extends along the long-
itudinal central axis A-A.

[0088] When the annular support 35 is fitted on the pile
5andthe pile 5is drivendownin the seabed S, submarine
device 1is able to slide along the pile 5 to keep the mat 10
laid onto the seabed S.

[0089] The annular support 35 extends advanta-
geously circumferentially all around the pile 5.

[0090] The annular support 35 has an outer diameter
for example comprised between 10 m and 20 m, for
example equal to 15 m.

[0091] The annular support 35 part of the submarine
device 1 ensure the rotational mounting of the winding
rollers 40 which are angularly distributed around the
longitudinal central axis A-A.

[0092] Each winding roller 40 is configured for rolling
and unrolling a respecting mattress 15 on said winding
roller 40 in the undeployed and in the intermediate con-
figurations of the submarine device 1.
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[0093] Each winding roller 40 extends along a respec-
tive roller axis B-B’ which is for example parallel to the
central axis A-A.

[0094] Each winding roller 40 has for example a dia-
meter, without rolled mattresses, comprised between 1 m
and 3 m. This diameter has to be compatible with the
minimum radius of rolling of the mattress 15.

[0095] Each winding roller 40 extends vertically over a
length equalto or greater than the length of the outer edge
15B of each mattress 15.

[0096] For example, each winding roller 40 extends
vertically over a length comprised between 10 m and 50
m, preferably between 32 m and 47 m.

[0097] Each winding roller 40 is movable in rotation
around its vertical axis B-B’.

[0098] The submarine device 1 comprises a driving
system (not shown on the drawings) comprising one or
several motors coupled to the or each winding roller 40 for
driving the winding rollers 40 in rotation such as to wind or
unwind each mattress 15 from the corresponding winding
roller 40.

[0099] The driving system comprises for example one
respective motor for each winding roller 40. Each motor is
for example a hydraulic motor.

[0100] The number of winding rollers 40 on the annular
support 35 is advantageously equal to the number of
mattresses 15 of the mat 10.

[0101] Inthe undeployed configuration, each mattress
15 is deflated and rolled onto a respective winding roller
40.

[0102] For example, each mattress 15 is rolled onto a
winding roller 40 over 6 to 10 turns, depending on the
length of the mattress 15 and on the diameter of the
winding rollers 40.

[0103] Figures6and7 representthe submarine device
1 in the intermediate configuration.

[0104] In the intermediate configuration, the mat-
tresses 15 are unrolled with a substantially vertical or-
ientation upon actuation of the driving system to drive
each winding roller 40 in rotation around their rotation
axes B-B’.

[0105] Each mattress 15is unrolled with resting on the
seabed S via one side edge 15C of the mattresses 15 and
being inclined relative to the seabed S, the other side
edge 15C being away from the seabed S.

[0106] While the mattresses 15 are being unrolled,
they are at the same time inflated with the filling gas 21
and/or water.

[0107] This step allows to better control the unrolling of
the mattresses 15 and to make sure they deploy sub-
stantially radially with keeping in a vertical orientation.
[0108] In one embodiment, in order to assist the un-
winding of the mattresses 15 from their respective wind-
ing rollers 40, the submarine device 1 comprises one or
more deployment rings.

[0109] In the example shown in the drawings, and
especially in Figure 7, the submarine device 1 comprises
two deployment rings.
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[0110] In particular, the submarine device 1 comprises
one upper deployment ring 44A and one lower deploy-
ment ring 44B.

[0111] Each deployment ring 44A, 44B is for instance
made by a reinforced fabric.

[0112] Each deployment ring 44A, 44B is attached to
each mattress 15, for example by means of fabric strips,
not represented on the drawings.

[0113] In particular, the upper deployment ring 44A is
attached to an upper attachment point 46 of each mat-
tress 15. The upper attachment point is adjacent to the
junction between the outer edge 15B of the mattress 15
and the side edge 15C of the mattress 15 which is away
from the seabed S in the intermediate configuration of the
submarine device 1.

[0114] Similarly, the lower deployment ring 44B is at-
tached to a lower attachment point 48 of each mattress
15. The lower attachment point 48 of each mattress 15 is
located lower than the upper attachment point 46 of said
mattress 15 in the intermediate configuration. The lower
attachment point 48 is adjacent to the junction between
the outer edge 15B of the mattress 15 and the side edge
15C of the mattress 15 which rests on the seabed S in the
intermediate configuration of the submarine device 1.
[0115] Each deployment ring 44A, 44B is flexible.
[0116] This feature allows each deploymentrings 44A,
44B to be grouped close to the annular support 35 in the
undeployed configuration and extended away from the
annular support 35 when the mattresses 15 are unrolled
in the intermediate configuration.

[0117] In one embodiment, one or each deployment
ring 44A, 44B is inflatable.

[0118] For example, the deployment rings 44A, 44B
may be inflated with a gas, water, or ballast material 25.
[0119] The deployment rings 44A, 44B may for exam-
ple be inflated with any inert gas or mixture of gas, and for
example with the filling gas 21. Gases containing halogen
are not desirable.

[0120] Each mattress 15 is coupled to the correspond-
ing winding roller 40.

[0121] Figure 8isazoomed view of a coupling between
the mattresses 15 and the corresponding winding rollers
40.

[0122] Each mattress 15 is fixed to a respective wind-
ing roller 40 by a connection 50.

[0123] For example, each mattress 15 is fixed by the
inner edge 15A to a lower part of a respective winding
roller 40.

[0124] Each connection 50 is preferably a flexible con-
nection 50, for example a flexible cable, line or strip.
[0125] The flexible connection 50 does notimpede the
rotation of the mattresses 15 when they go from the
intermediate configuration to the deployed configuration,
as it will be described later.

[0126] Inreferenceto Figure 8,inone embodiment, the
submarine device 1 comprises a central annular carpet
55 configured to be laid on the seabed S around the pile 5
and to cover an annular gap between the mat 10 and the
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pile 5.

[0127] The annular carpet 55 is for example a mono-
layer carpet, made of a polyurethane foam or polystyr-
ene.

[0128] The annularcarpet55 may be inflatable or solid.
[0129] The annular carpet 55 may for instance be
inflated with gas (in particular filling gas), water or ballast
material 25.

[0130] The annular carpet 55 is connected to the an-
nular support 35. In other words, the annular carpet 55
moves with the annular support 35 during the transla-
tional movements of the annular support 35 along the pile
5.

[0131] The annular carpet 55 allows increasing the
sound attenuation, by effectively covering a maximal
seabed surface.

[0132] Figure 9 shows the transition between the inter-
mediate configuration and the deployed configuration of
the submarine device 1, the mattresses 15 being gradu-
ally inclined towards the seabed S until they completely
lay on the seabed S.

[0133] The deployment rings 44A, 44B hold the mat-
tresses 15 together during their deployment and makes
sure they will allincline the same side, asiitisillustrated on
Figure 8.

[0134] The process to achieve the transition between
the undeployed configuration and the deployed config-
uration of the submarine device 1 will now be described.
[0135] Each mattress 15 is initially rolled onto a re-
spective winding roller 40.

[0136] The sound attenuation process comprises a
first step of laying the mat 10 on the seabed S around
the pile 5, while laying the mattresses 15 to form the mat
10 around the pile 5.

[0137] To this end, each mattress 15 is unrolled form
the winding roller 40 while extending radially and is then
inclined relative to the seabed S.

[0138] This step is for example done upon activation of
the hydraulic motors to drive each winding roller 40 in
rotation around its respective rotation axis B-B'.

[0139] While unrolling the mattresses 15, gas, prefer-
ably filling gas 21, and water are injected in the gas layers
19 to insure a correct unrolling of the mattresses 15, as
previously described.

[0140] The submarine device 1 comprises one or more
manifolds for injecting fluids into one or more layers of
each mattress 15.

[0141] The one or more manifolds are for example
configured for injecting to injectfilling gas 21 and/or water
into each gas layer 19 and/or for injecting water and/or
ballast material 25 in each ballast layer 23 of the mattress
15.

[0142] The one or more manifolds are for example
fluidly connect to a fluid injection system, not repre-
sented, configured to provide filling gas 21, ballast ma-
terial 25 and/or water. This system is for example located
on the annular support 35.

[0143] The one or more manifolds are for example
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fluidly connect to a fluid injection system via multi-fluid
quick connector adapted for a rapid connection-discon-
nection between the submarine device 1 and an umbilical
connected to an installation vessel.

[0144] Another umbilical is for example dedicated to
electrical power, control and signals provided by sensors
(pressure, force, position, etc.) arranged in the submar-
ine device 1.

[0145] With reference to Figure 10, the inflation pro-
cess of the inflatable gas layers 19 of the mattresses 15is
described.

[0146] In Figure 10, a gas layer 19 of a mattress 15 is
illustrated in the intermediate configuration of the sub-
marine device 1.

[0147] The submarine device 1 comprises a manifold
for filling the gas layer 19, for example with filling gas 21
and/or water.

[0148] Each manifold has one or more airinlets 65, one
ormore airoutlets 67, one ormore water inlets 69 and one
or more water outlets 71, each being connected to the
gas layers 19.

[0149] Inthe example of Figure 11, each gaslayer19is
connected to an upper air inlet 65, a lower water inlet 69,
an upper air outlet 71 and a lower water outlet 71.
[0150] The air outlet 67 and the water outlet 71 are for
example outlet valves.

[0151] The relative injected air/water proportion is
evolving during the unrolling of the mattresses 15, in a
suitable way for deploying each mattress 15 vertically.
[0152] Moreover, the amount of injected filling gas 21
and water shall compensate the weight of the envelopes
27 of the gas layers 19, in order to make the mattress 15
neutral in water.

[0153] As an alternative or in addition, each ballast
layer 23 of each mattress 15 is inflated with water during
the unrolling of said mattress 15.

[0154] Insuchcase,the submarine device 1 comprises
a manifold for filling the ballast layer 23 with ballast
material 25 or water.

[0155] Each unrolled mattress 15, having the gas
layers 19 inflated with air and/or water, is then laid on
the seabed S to form the mat 10 comprising the mat-
tresses 15 distributed around the pile 5.

[0156] The laying step is achieved by injection of the
ballast material 25 inside the ballast layers 23.

[0157] The mattresses 15, unrolled vertically, are in-
clined relative to the seabed S, for example using the
upper deployment ring 44A and/or the lower deployment
ring 44B.

[0158] The upper deploymentring 44A and/or the low-
er deployment ring 44B are for example filled with gas (in
particularfilling gas), water and/or ballast material 25 and
cause each mattress 15 to incline, in the same direction,
towards the seabed S.

[0159] The injection of the ballast material 25 in each
mattress 15 is operated when the mattresses 15 are
inclined relative to the seabed S such that the ballast
material 25 fills a lower part of the mattresses 15 and
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gradually rises into the mattresses 15 such as to gradu-
ally lay the mattresses 15 on the seabed S.

[0160] With reference to Figure 11, the inflation pro-
cess of the inflatable ballast layers 23 of the mattresses
15 is described.

[0161] InFigure 11, aballastlayer 23 of amattress 15is
represented in the intermediate configuration of the sub-
marine device 1.

[0162] As it can be seen, the tubes 30 extend radially
and horizontally to form the ballast layer 23.

[0163] The submarine device 1 comprises at least one
manifold to inject the ballast material 25 into the ballast
layers 23.

[0164] Each manifold has one or more ballast material
inlets 73, one or more ballast material outlets 75, one or
more water inlets 77 and one or more water outlets 79,
each being connected to the ballast layer 23.

[0165] In the example of Figure 11, each ballast layer
23 is connected to a lower ballast material inlet 73, an
upper ballast material outlet 75, an upper water inlet 77
and a lower water outlet 79.

[0166] For example, one manifold may inject the bal-
last material 25 inside one or several tubes 30 simulta-
neously.

[0167] To this end, the tubes 30 extend between an
inlet manifold for injecting the ballast material 25 in the
tubes 30 and an outlet manifold for retrieving the ballast
material from the tubes 30.

[0168] Optionally, each tube 30is connected to several
ballast material inlets 73.

[0169] For example, the tubes 30 may have a front
ballast material inlet, arear ballast material inlet, opposite
the front one along the radial direction R, and/or several
successive ballast material inlets disposed along the
tube 30.

[0170] When the ballast layers 23 are previously filled
with water, the injection of ballast material 25 is for ex-
ample done by pushing out the water towards the water
outlet 79.

[0171] Once the mat 10 is laid onto the seabed S, the
sound attenuation process is effective and the pile 5 can
be driven into the seabed S without disturbing the marine
fauna.

[0172] Once the pile has been pushed down towards
its final position, the submarine device 1 can be taken off
the pile 5 by sliding it along the pile 5 towards the water
surface.

[0173] This process starts with emptying the inflatable
layers 17 of each mattress 15.

[0174] The ballast material 25 is first pushed out of the
ballast layers 23, exiting by the ballast outlets 75.
[0175] The retrieving of ballast material 25 from the
tubes 30 is achieved for instance by injecting water, in
particular seawater, from the waterinlet 77 into the ballast
layer 23 to push out the ballast material 25 towards the
ballast material outlet 75.

[0176] As an alternative, or in addition, a fluidic equip-
ment, for example comprising an aspiration device, not
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represented, may be used to take the ballast material 25
off the ballast layers 23.

[0177] While each mattress 15 is rolled on the corre-
sponding winding roller 40, filling gas 21 is removed from
the gas layers 19, and water is removed from the ballast
layer 23.

[0178] Inreference to Figure 12, the submarine device
1 comprises, for each mattress 15, a pair of pressing
rollers 90 defining between them a slit, the mattress 15
passing through the slit when unrolling from the winding
roller 40 or rolling onto the winding roller 40.

[0179] Each pair of pressing rollers 90 is for example
mounted on the annular support 35 adjacent to the cor-
responding winding rollers 40, such that the mattress 15
passes between the pressing rollers 90 upon rolling the
mattress 15 on the winding roller 40, the mattress 15
being pressed between the pressing roller 90 to empty
the gas layers 19 and the ballast layers 23.

[0180] The pressingrollers 90 are forexample drivenin
rotation by the same driving system as the winding rollers
40.

[0181] The width of the slit defined between two press-
ing rollers 90A, 90B is for example comprised between 3
cm and 5 cm, depending the thickness of the layers of the
mattresses 15.

[0182] A pressing force exerted by the rollers 90A, 90B
onto the mattress 15 passing between the rollers 90A,
90B is for example adjusted using one or several springs
urging the rollers 90A, 90B one towards the other.
[0183] In a more general way, the width of the slit is
strictly lower than the thickness of the mattresses 15
when at least one inflatable layer is inflated with filling
gas 21, water, or ballast material 25, so that the passage
between the two pressing rollers 90A, 90B presses the
mattress 15 and empties the or each inflatable layer filled
with filling gas 21, water or ballast material 25.

[0184] During the rolling of the mattresses 15, each
mattress 15 passes through the slit and is pressed be-
tween the two pressing rollers 90A, 90B before being
rolled onto the respective winding roller 40.

[0185] As an alternative, not represented on the draw-
ings, there is only one pressing roller 90 for each mattress
15, defining a slit between the pressing roller 90 and the
respective winding roller 40. In this case, during the roll-
ing of the mattresses 15, each mattress 15 passes
through the slit and is pressed between the pressing
rollers 90 and the winding roller 40 while being rolled
onto the winding roller 40.

[0186] In one embodiment, not represented, the sub-
marine device 1 comprises an air curtain creation system
toincrease even more the sound attenuation efficiency of
the submarine device 1 while pushing down the pile 5.
[0187] For example, the air curtain creation system is
located onto the lower deployment ring 44B.

[0188] In another embodiment, some inflatable ele-
ments are added to the annular support 35, for example
fixed to the winding rollers 40, in order to increase even
more the sound attenuation efficiency of the submarine
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device 1.

[0189] The submarine device 1 according to the inven-
tion has many advantages.

[0190] The presence of gas layers 19 inflated with
filling gas 21 inside the mattresses 15 efficiently attenu-
ates the propagation of sound, even for low-frequency
vibrations.

[0191] Therefore, sound is effectively attenuated and
the submarine device 1 avoid disturbing the marine fauna
while pushing down the pile 5 into the seabed S.
[0192] The mattresses 15 designed with several gas
layers 19 and ballast layers 23 are suitable for accom-
modating thermal expansion phenomena.

[0193] Moreoverthe mattresses configuration with one
ballast layer interposed between two gas layers helps
diminishing the mechanical deformation engendered by
the relative forces and pressure applied to the submarine
device 1 when the mat is laid on the seabed S.

[0194] As the tubes 30 extend radially, and therefore
perpendicularly to the rotation axes B-B’ of the winding
rollers 40, the unrolling and/or rolling of the mattresses 15
onto the winding rollers 40 is simplified.

[0195] Thanks to the rolling of the mattresses 15, and
to the ability of the annular support to slide along the pile,
the submarine device 1 is easily installed and removed
from the pile 5.

Claims

1. Sound attenuation submarine device (1) comprising
amat (10) configured to be placed on the seabed (S)
around a pile (5) to be driven down vertically in the
seabed (S), the mat (10) comprising one or more
mattresses (15), each mattress (15) comprising a
plurality of superposed inflatable layers (19, 23) in-
cluding one or more gas layers (19) configured to be
inflated with a filling gas (21) and one or more ballast
layers (23) configured to be inflated with a ballast
material (25) having a density greater than water’s
density.

2. Submarine device (1) according to claim 1, wherein
each mattress (15) comprises or consists of one
ballast layer (23) interposed between two gas layers
(19) or one gas layer (19) interposed between two
ballast layers (23).

3. Submarine device (1) according to claim 1 or 2,
wherein each mattress (15) comprises at least two
gas layers (19).

4. Submarine device (1) according to any one of the
preceding claims, wherein each mattress (15) com-
prises at least two gas layers (19) of different thick-
nesses.

5. Submarine device (1) according to any one of the
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10.

1.

12,

preceding claims, wherein each ballast layer (23) is
formed of a plurality of tubes (30) which are prefer-
ably parallel.

Submarine device (1) according to claim 5, wherein
the tubes (30) extend between an inlet manifold for
injecting ballast material (25) in the tubes (30) and an
outlet manifold for retrieving ballast material (25)
from the tubes (30).

Submarine device (1) as in any one of the preceding
claims, wherein each gas layer (19) comprises an
envelope (27) comprising two opposed walls (27A,
27B) connected by a plurality of connectors (28)
distributed on the surface of the two walls (27A,
27B) for delimiting a spacing between the two op-
posed walls (27A, 27B).

Submarine device (1) according to any one of the
preceding claims, configurable at least in an unde-
ployed configuration wherein each mattress (15) is
rolled, an intermediate position wherein each mat-
tress (15) is unrolled, the mattresses (15) extending
radially while being inclined relative to the seabed
(S), and a deployed configuration wherein each mat-
tress (15) is laid on the seabed (S), the mattresses
(15) being angularly distributed to form the mat (10)
extending around the pile (5).

Submarine device (1) according to claim 8, compris-
ing an annular support (35) intended to be fitted
around the pile (5), the annular support (35) compris-
ing winding rollers (40) angularly distributed on the
annular support (35), each mattress (15) being de-
flated and rolled onto a respective winding roller (40)
in the undeployed configuration.

Submarine device (1) according to claim 8 or 9,
comprising one or more deployment rings (44A,
44B), each deployment ring (44A, 44B) being at-
tached to each mattress (15), each deployment ring
(44A, 44B) being preferably inflatable.

Submarine device (1) according to claim 10, com-
prising two deployment rings (44A, 44B), one being
attached to a lower attachment point (48) of each
mattress (15) and the other being attached to an
upper attachment point (46) of each mattress (15),
the lower attachment point (48) of each mattress (15)
being located lower than the upper attachment point
(46) of said mattress (15) in the intermediate config-
uration.

Submarine device (1) according to any one of the
preceding claims, comprising a central annular car-
pet (55) configured to be laid on the seabed (S)
around the pile (5) and to cover an annular gap
between the mat (10) and the pile (5).
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Sound attenuation process for the attenuation of
sound during pushing down a pile (5) vertically in
the seabed (S), the sound attenuation process com-
prising laying a mat (10) on the seabed (S) around
the pile (5), the mat (10) comprising one or more
mattress (15) each comprising a plurality of super-
posed inflatable layers (19, 23) including one or more
gas layers (19) and one or more ballast layers (23),
the sound attenuation process comprising laying the
mattresses (15) to form the mat (10) around the pile
(5) and inflating each gas layer (19) of each mattress
(15) with a filling gas (21) and inflating each ballast
layer (23) of each mattress (15) with a ballast mate-
rial (25) having a density greater than water’s den-
sity.

Sound attenuation process according to claim 13,
wherein each mattress (15) is initially rolled onto a
respective winding roller (40), each mattress (15) is
unrolled form the winding roller (40) while extending
radially and being inclined relative to the seabed (S)
and then laid on the seabed (S) to form the mat (10)
comprising the mattresses (15) distributed around
the pile (5).

Sound attenuation process according to claim 14,
wherein the injection of ballast material (25) in each
mattress (15) is operated when the mattress (15) is
inclined relative to the seabed (S) such that the
ballast material (25) fills a lower part of the mattress
(15) and gradually rises into the mattress (15) such
as to gradually lay the mattress (15) on the seabed

(S).
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